A line of White Leghorn fowl (line I5I ) was found to be segregating for susceptibility and resistance to RSV(RAV-O), an avian tumour virus belonging to subgroup E. Family mating within the line, and test matings with other inbred lines, were made to determine the mode of inheritance of susceptibility. The results were fully consistent with the two loci hypothesis advanced previously for control of response to RSV(RAV-O), and not with a single locus hypothesis.
INTRODUCTION
Genetic factors in the fowl which control susceptibility to RSV(RAV-O), an E subgroup avian RNA tumour virus, are of particular interest because related non-transforming viruses, such as RAV-O and RAV-6o, are present in many, if not all, apparently normal chick embryos (Weiss et al. I97I ; Hanafusa et al. 1972) . These viruses are usually present in a repressed, non-replicating form, possibly as a DNA provirus genetically integrated into the host cell genome, and they may be activated by treatment of the cell by irradiation or chemical carcinogens (Weiss et al. I97I) . Their presence has been adduced in support of the oncogene theory of carcinogenesis (Huebner & Todaro, I969; Huebner & Gilden, I972) . This type of virus-host relationship has so far been shown to apply only to E subgroup viruses and not to the leukosis viruses of the A, B and C subgroups. The E subgroup viruses apparently differ also from the others in the host genes which influence their host range. Whereas susceptibility of chick embryos to viruses of the A, B and C subgroups is controlled by single autosomal dominant genes (Payne & Biggs, I966, I97o; Crittenden et al. I967) , an investigation into the genetic basis for susceptibility to the E subgroup, as typified by RSV(RAV-O), indicated a more complex type of inheritance. Two unlinked autosomal loci were postulated. One locus, designated tumour virus e (tve), has a dominant susceptibility allele, e 8, and a recessive resistance allele, e r, and the other locus, designated Inhibitor ~, has a dominant allele I ~ having an epistatic inhibitory effect on e ~, and a recessive allele i t. We proposed that two inbred resistant lines, I and C, were of genotype IqeeSe ~ and iei~e~e ~', respectively, and we observed proportions of susceptible individuals in the F2 and first backcross populations to the C line close to the proportions of I8"75 ~ and 25 ~ respectively predicted by the two loci hypothesis (Payne, Pani & Weiss, I97I) .
During a survey of different lines of fowl for susceptibility to RSV(RAV-O) we found an unexpectedly high incidence (3I ~) of susceptibility in line I5I White Leghorn fowl. This line, though inbred, was evidently not genetically homogenous. In relation to the two loci hypothesis, this incidence of susceptibility requires either a higher frequency of the e ~ gene, or a lower frequency of the I e gene, than will occur in a true F2 population. Alternatively, control of susceptibility in line 151 may differ from that in the C and I lines. Consistent with this possibility are recent studies in other lines by Crittenden, Wendal & Motta (t973) which support the existence of the inhibitory I ~ gene, but which also implicate an allele at the tvb locus (which controls response to subgroup B virus) in response to RSV(RAV-O). We have therefore investigated the response of line I5[ and test cross-embryos to determine the genetic basis for response to RSV(RAV-O). The results supported the two loci hypothesis, and were inconsistent with single locus hypotheses.
METHODS
Chick embryos. Line 151 White Leghorns were imported in 196I from the Regional Poultry Research Laboratory, East Lansing, Michigan. The parent line has an inbreeding coefficient (F) of > 0"95 (Stone, i972 ) . The subline maintained at this Station has been randomly mated since I96I. It is segregating for susceptibility to RSV(RAV-O) and will be referred to in this report as the segregating line (SL).
The Reaseheath I line of White Leghorns is resistant to RSV(RAV-O) and is assumed to carry the dominant alleles I ~ and e s in homozygous state. It will be referred to as the dominant line (DL).
The Reaseheath C line of White Leghorns is also resistant to RSV(RAV-O), and is assumed to carry the proposed i e and e r recessive genes in homozygous state. It will be referred to as the recessive tester line (TL).
Eleven-day-old chick embryos from the following pure lines and their crosses were used to test the genetic hypotheses: SL, TL, TL 6 x DL ~, SL c? × TL ~, TL ~ × SL ~, DL c? × SL $.
Sixteen sire families (eight dams per family) from the SL were randomly chosen and eggs obtained were pedigreed to dams and sires. The inbred lines, TL and DL, are maintained at Houghton Poultry Research Station by randomly mating one sire with about eight dams per sire. Because of disease control restrictions imposed on the use of natural mating between the SL x TL parents, the TL females were artificially inseminated. Semen was collected from eight full brothers of the SL sires used in the SL line mating and used to inseminate two randomly selected TL females per sire. When restrictions on natural mating were relaxed, the crosses TL 3 × SL ~ and DL 3 × SL ~ were made on a random mating basis of one sire to about eight dams.
Virus. In this report RSV(RAV-O) is used as generic term to include the RSVp(O) isolate of Weiss (~969), which was used in this and our previous study (Payne et al. I97r ) to investigate genetic control of susceptibility to subgroup E viruses. A single stock of RSV(RAV-O) in supernatant medium from transformed cell line SNP6 was used (see Payne et al. I97I) . This stock had a titre of ro 3"53 f.f.u./ml in quail cells without the addition of polycations. When inoculated on the chorioallantoic membranes (CAMs) of ~ I-day-old C × IC embryos, and pocks counted 8 days later, o.I ml of a IO -1 dilution of this stock gave on average about 5oo pocks on susceptible embryos and o pocks on resistant embryos. The same dose and inoculation technique were used throughout this present study.
RESULTS

Response of the SL population
The distribution of pock counts induced by RSV(RAV-O) in the SL population is given in Fig. r . On the basis of this distribution and our previous experience with the assay, embryos with ten or more pocks were classified as susceptible, and those with less as resistant. The observed proportions of susceptible and resistant embryos, o'3o93 and o'69o7, respectively, were compared with those expected on the basis of three possible genetic hypotheses to explain inheritance of resistance to RSV(RAV-O).
Hypothesis I
Control by one autosomal locus with two alleles, the susceptibility allele e ' being dominant over the resistance allele e ~. The frequencies of these alleles were calculated as oq 7 and o'83, respectively (see Appendix A).
Hypothesis 2
Control by one autosomal locus with two alleles, resistant allele e r being dominant over susceptibility allele e ~. The frequencies of these alleles were calculated as o'44 and o'56, respectively (see Appendix A).
Hypothesis 3
Control by two autosomal loci with an epistatic interaction, as previously proposed for RSV(RAV-O) (Payne et aI. I97~) . This hypothesis assumes dominance of the 15 and e ~ alleles over the i s and e ~" alleles, respectively, with I e epistatic over e s. The gene frequencies for F, i e, e s and e r were calculated as o'4o, o.6o, o'54 and o'46, respectively (see Appendix A).
Because the number of genetic parameters estimated from the population data under the three hypotheses was equal or greater than the number of observed phenotypes (resistant and susceptible), it was not possible to test the goodness of fit on a population level. Instead, these parameters were used to compute the expected phenotype segregations within the families of I6 SL sires, as shown in Appendix B, and these were compared with the observed classes by )~ heterogeneity tests of goodness of fit (Table I) .
For none of the three hypotheses did the phenotypic segregation differ significantly (P > o'o5) from the expected ratios. The heterogeneity X z values obtained under the three hypotheses, although large, being 22.882, 21.97o and 23"939, respectively, did not exceed the X ~ value of 25.o0 expected (P = o.o5) if the degree of heterogeneity between sires, based P. K. PANI AND L. N. PAYNE 
Response of the test cross populations
The three hypotheses may be discriminated between on the basis of the test cross results (Tables z, 3 ). The observed response patterns of the test crosses were compared with those expected under the hypotheses, and were found to be consistent only with hypothesis 3. Hypothesis ~ may be rejected because of the observed lack of susceptible individuals in the SL × DL cross, and hypothesis z may be rejected on the basis of the occurrence of susceptible individuals in the SL × TL cross.
Further support in favour of hypothesis 3 was obtained from the SL × TL test cross results (Fig. 2) . According to hypothesis 3, 3 2.00 ~ of susceptible embryos were expected in this cross, compared with I7 % expected under hypothesis I (see Appendix C for details). The observed proportions of 27"05 ~ (33[I22) in the combined reciprocal SL x TL population Genetic susceptibility to RSV (RA V-O) z39 was tested for agreement with these expected proportions. If we wish to discriminate between two possible proportions, Pl and P2 (here o.I 7 and o'32, respectively) in a binomial population of n observations, the binomial rule states that if we get r or less we will conclude that the true proportion is Pl and if more than r that the true proportion is P2. When p~ and P2 are specified, an answer for n and r may be obtained from the following equations (Kempthorne, 1957):
where 1.645 is the value of the normal deviate which exceeds the probability level of 0"05. By solving these equations we find that to discriminate between the specified proportions of o-I 7 and o.32 we need to test 85 embryos out of which 2o should be susceptible. Since we tested 122 embryos we should expect at least 29 susceptible embryos if hypothesis 3 is correct. The observed number of 33 susceptible embryos therefore supports hypothesis 3. The patterns of susceptibility of progeny from individual SL x TL matings (Table 4 ) were also consistent with those expected under hypothesis 3 (o, 25 and 50 ~o), as discussed by Payne et al. 0971) in connexion with second backcross generation progeny in the DL × TL cross (I × C line), but not with the patterns of susceptibility which arise under hypothesis I (o, 5o and IOO ~o).
DISCUSSION
These results provide further evidence for the existence of two loci which control susceptibility of fowl to RSV(RAV-O), and for the presence of the epistatic 1' gene in a strain of fowl distinct from that in which it was first postulated. Crittenden et al. 0973) have also found evidence for a dominant inhibitor gene. These findings, coupled with the high incidence of resistance to RSV(RAV-O) in other lines (Payne et al. 1971) supports the view that the I e gene is widespread in fowl. One of us (P. K. P.) has recently developed a general genetic method for identification of the I e gene in populations of fowl, which will be described elsewhere. We discussed earlier the possibility that the 1 ~ gene may be identical to the gs ÷ gene which determines expression of group-specific antigen in chick embryos (Payne et al. I97I) and the results of Crittenden et al. (1973) support this possibility. If so, I e may act as a regulatory gene, allowing at least partial expression of endogenous E subgroup leukosis virus known to be present in most if not all embryos (Weiss et al. I97I ; Baluda, I972; Hanafusa et aL 1972) . This virus, or virus components, may inhibit susceptibility to RSV(RAV-O) by blocking subgroup E virus receptor sites. Alternatively, a virus moiety controlled by the regulatory I ~ gene may act as a repressor substance on the operator of the operon which codes for the E subgroup virus receptor. In either case, the degree of susceptibility could be determined by the amount of repressor produced, which would in turn be controlled by the I ~ gene. Assuming the presence of the e s gene in each instance, high levels of resistance would be associated with the homozygous I ~ gene, as in the I line. Susceptibility should foliow the absence of the I e gene, as in some line I5I embryos and in quail, and intermediate levels of susceptibility, as in line 7 embryos, could be caused by a gene dosage effect in a segregating population, embryos of genotype Pi ~ being more susceptible than those that are PI e.
In one segregating line (line Ioo) studied by Crittenden et aL (1973) a perfect association was observed between susceptibility to subgroup E and subgroup B viruses. This finding implicates the tvb locus in response to subgroup E virus, and raises the possibility that our postulated tve locus may be the tvb locus. If so, then in the absence of dominant inhibitor genes susceptibility to subgroup B should be associated with susceptibility to subgroup E. This is not true for the C line, which is of postulated genotype i~i~b*b*e~e r. Nevertheless, it is possible that alleles could exist at the tvb locus which code for susceptibility to subgroup B but resistance to subgroup E, as suggested by Crittenden et al. (I973) . Further studies are needed to clarify the relationship between the tvb and tve loci. Crittenden et al. 0973 ) also found that a susceptibility allele at the tvb locus associated with the blood group R 1 antigen enhances susceptibility of resistant embryos to RSV (RAV-O) . At the present time we have no information on the occurrence of this allele in our lines.
APPENDIX (A) Estimation of the gene frequencies in the SL population, according to each hypothesis
Hypothesis I
The frequency of the e" gene was computed by use of the maximum likelihood estimating procedure (Cotterman, I964) , by taking the square root of the proportion of resistant embryos (e"e O.
Hypothesis 2
Similarly, the frequency of the e ~ gene according to this hypothesis was taken as the square root of the proportion of susceptible embryos (e*e 0.
Hypothesis 3
Under this hypothesis it was not possible to compute the frequencies ofF, i ~, e ~ and e ~ by the usual method of taking the square root of the sum of the two proportions of the recessive subclasses from four identifiable phenotypic subclasses expected in the absence of any interaction between the two loci, because the number of phenotypic expressions was only two (resistant and susceptible). Instead, we computed the frequencies of the recessive genes i ~ and e ~ by an approximate method by weighting the observed resistant class proportion with that expected in a true F2 population. We assumed that the segregating alleles at each of the two loci were under equilibrium. The calculations were as follows: Assuming that the p and q are the true estimators offi and ~, the expected proportion of susceptible individuals in the SL may be computed by using the p and q in the following equation:
The goodness of fit of the observed proportion of susceptible embryos (o'3o93) with the expected proportion of o.2838 could not be tested at a population level, for the reasons discussed above, but the observed and expected proportions could be compared in the within sire subclasses of the SL population by means of a X 2 heterogeneity test.
(B) Estimation of expected (E) phenotypic segregants based on the estimated respective gene frequencies (f) for hypotheses I, 2 and 3
The expected number of segregants (resistant and susceptible phenotypes) were compared with the observed segregants by the X 2 goodness of fit (see Table I ). 
Hypothesis
Hypothesis I
The expected number of susceptible individuals from the SL x TL cross will be equal to the frequency of the dominant e ~ gene of the SL population because the TL parents were only producing e ~ gametes, whereas the e s and e r gametes were produced by the SL parents at the frequency of the e ~ and e r genes respectively, assuming equal gametic viability. Since the e ~ gene frequency of the SL population was estimated to be o-17, the expected proportion of susceptible SL x TL progeny would be equal to o'I7.
Hypothesis 3
Under this hypothesis four possible gametes are produced by the parents of the SL population. Under an assumption of equal viability for all types of gametes the gametic frequencies in terms ofp and q, where p = f(/~) and q = f(e ~) are as follows: (1 --p) q ice r (I --p) (I --q)
The TL parents produce ice r gametes only. Hence the zygotic proportion for susceptible individuals from the cross, SL x TL should be equal to (I-p) q. Therefore by using the estimated frequencies of the i t and e ~ genes the expected proportion of susceptible SL x TL progeny should be equal to o-32.
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